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(57) Abstract 


Embodiments of a cable (20) and cable/cord retractor (10) 
are described, the cable (20) including a plurality of twisted 
pairs (30) of insulated wire in a flat insulator casing adapted 
to wind and unwind into/out of a retractor. The retractor 
(10) may be designed according to the invention owner's prior 
disclosures of cord/cable retractors, or, more preferably, may be a 
specially-designed, heavy-duty retractor. By using the invented 
combination of stranded wire or tinsel wire of preferred gauge, 
composition, and wire coating thickness and material; a preferred 
twist configuration for the wires; and a preferred outer insulation 
of particular composition and dimensions, the resulting cable 
(20) is surprisingly flexible and effective both for retractor use 
and high speed data transmission. The resulting cable (20) is 
durable enough to work within a compact retractor (10), while 
having impedance, attenuation, and cross-talk performance that 
make it appropriate for Category 5 high speed data transmissions. 
With the invented cable (20), a retractor may be placed on a 
modem or in a LAN system, for example, for convenient, safe, 
and neat handling of Cat 5 cables. The invented flat cable (20) is 
preferably only about 0.04-0.07 inches thick, so that a reasonable 
length, such as 3-25 feet, of cable for office and LAN use may 
easily, wind up inside a reasonably-sized retractor (10). - . . F 
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CORD RETRACTOR AND CABLE FOR HIGH SPEED DATA TRANSMISSION 

DESCRIPTION 

5 BACKGROUND OF THE INVENTION 

Field of the Invention. 

10 This invention relates generally to high quality, high speed data transmission cable for 

local area networks (LAN), ETHERNET, and other computer applications. More specifically, 
this invention relates to a Category 5 ("Cat 5") cable that is so compact, flat, and flexible that it 
takes up little space, eliminates the tangling and clutter of conventional Cat 5 cable, and easily 
and unobtrusively bends around curves and comers and under carpets. The invented cable is so 

15 compact, flat, and flexible that it can be used in compact automatic retractor/wind-up devices of 
the type that previously have been used only for telephone lines. 

Related Art 

High speed data transmission cable meeting Category 5 specifications must be capable 
20 of transmitting data up to 100 megahertz within low attenuation and low cross-talk. Standards 
for Category 5 cable performance have been established by the Telecommunications Industry 
Association (TIA). The specifications are shown as "limits" in Figure 7A. A glossary 
including Category 5 and other TIA terminology is included at the end of this section as 
Table 1. 

25 Conventionally, Cat 5 cable is made of a bundle of twisted pairs in an air space in the 

central space of a tubular conduit or jacket. Conventional Cat 5 cable, therefore, is bulky, 
inflexible, and difficult to work with, and therefore results in computer networks that are 
unattractive and cluttered in appearance. Typically, conventional Cat 5 cable is circular in 
cross-section and flexes only enough to be easily curved into about a 5 inch radius. Therefore, 
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Cat 5 cable is handled by placing it in large loops or gradually-curved of cable in patch 
panels, junctions boxes, behind desks, along walls, and under rugs. Conventional Cat 5 cable is 
largely responsible for the well-known tangle of bulky cables behind personal computers and in 
LAN systems. 

5 Electrical cord wind-up devices have been designed for thin, flat telephone cables. For 

example, conventional telephone cord retractor devices, and telephone cords for use therein, are 
disclosed in U.S. Patents Number 4,646,987, 5,1 14,091, 5,230,481, 5,354,954, 5,516,986, 
5,655,726, and 5,797,558. The disclosures of these patents, including their figures, is 
incorporated herein by reference. These retractors are typically about 2 inches in diameter, and 

10 wind the flat, thin telephone cord on a very tight radius of less than about 1 inch. 

To the inventor's knowledge, no Category 5 cable has been developed previously that is 
thin enough, flat enough, and flexible enough to be used in a wind-up retractor. Especially, no 
cable has been developed that may be smoothly, consistently, and repeatedly pulled out from, 
and retracted into, a compact casing preferably less than 5 inches in diameter, and more 

15 preferably less than 3 inches in diameter. Therefore, there is still a need for a cord wind-up 

device and cord/cable that are suitable for high speed data transmission, for example, in the case 
of high speed modem lines or LAN lines. There is a need for cable that can handle data 
transmission up to about 100 megahertz within low attenuation and low cross-talk, and yet is 
flexible, compact, and durable for use in a wind-up retractor. The instant invention addresses 

20 this need. 


Ill 
III 

25 III 
III 
III 
III 
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TA BLE 1 


Continuity 


Crosstalk 


Cursor 


10 


15 


Data-grade 


The proper installation of a cable, such that each wire connects to the 
same pin of the connectors on each end of the cable. 

Electromagnetic coupling of the signal from the transmit pair to the 
receive pair within a cable. 

A graphical method of identifying where the current point of reference is 
on the WireScope screen. WireScope uses a few different types of 
cursor, including reverse video type (white characters against a black 
background), a vertical line (to identify a single point on the horizontal 
axis of a graph), and a black triangle (to point to entries on a list). 
Pressing WireScope's arrow keys moves the cursor. 

High quality twisted pair cable, designed to meet the requirements of 
high speed digital data transmissions. 


Ethernet 


20 


A Local Area Networking technology which operates at the data rate of 
10 Mbps, using a collision detection protocol (CSMA/CD) to manage 
data flow. Ethernet-type networks are defined in the IEEE 802.3 
standards. There are new standards, such as 100Base-T under 
development for 100 Mbps Ethernet. 


25 


Far End Devices 


The device connected at the far end of the cable under test used for 
termination or signal generation. Valid far end devices for testing with 
WireScope include Scope's Loopback Plug and Remote Reference. 


Fault 


30 


A problem within the cable causing a signal to be misdirected. A fault 
could be the result of manufacturing errors, or installation errors, such as 
shorts, opens or miswires. 


Highlight 


35 


The visual equivalent of moving the cursor to a particular item on the 
screen. When using the reverse video cursor, WireScope changes the 
current item to white characters on a black background to identify it as 
the current item. 


ISDN 


Integrated Services Digital Network 
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10 


ISO 1 1 801 A Draft International Standard, titled "Information Technology- Generic 

cabling for customer premises cabling \ developed by the International 
Organization for Standardization and the International Electrotechnical 
Commission. ISO 1 1801 classifies installed links into classes A, B. C, 
and D. 

kHz Kilohertz (1,000 Hertz). 

LAN Local Area Network 

Category 3 Twisted pair cable used for telephone signaling and Local Area 

Network protocols with data signaling under 16 MHz. 

Category 4 Twisted pair cable, used for Local Area Network protocols with date 

1 5 signaling under 20 MHz. 

Category 5 The highest quality twisted pair cable for supporting fast Local Area 

Networks with data signaling up to 100 MHz in bandwidth. 

20 Class A ISO-1 1 801 application class. Applications include speech band and low 

frequency applications. Copper cabling links supporting Class A 
applications are specified up to 100kHz. 

Class B ISO-1 1 801 application class. Applications include medium bit rate data 

25 applications. Copper cabling links supporting class B applications are 

specified up to 1 MHz. 

Class C ISO-1 1 801 application class. Applications include high bit rate data 

applications. Copper cabling links supporting Class C applications are 
30 specified up to 1 6 MHz. 

Class D ISO-1 1 801 application class. Applications include very high bit rate 

data applications. Copper cabling links supporting Class D applications 
are specified up to 100 MHz. 


35 


TLA Telecommunications Industry Association 
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SUMMARY OF THE INVENTION 


The present invention comprises an electronic data transmission cable, which 
surprisingly can meet Category 5 ("Cat 5") specifications while also being flexible, durable, 
5 and compact enough to work well in a cord winding/un-winding device for computers and other 
electronic equipment. The invention also comprises the combination of the invented cable and 
the winding/un-winding device, herein called a "cord retractor" or "retractor," wherein the cord 
retractor allows repeated extension and retraction of the cable in one or more directions from 
the retractor. The invented cable is adapted for Cat 5 use in that it carries high speed signals 

10 over a wide range of frequencies, at least up to high speed transmission at about 100 megahertz, 
with low attenuation and low cross-talk. The invented cable is a flat, thin, and flexible cable that 
is durable throughout thousands of extensions from, and retractions into, the retractor. 
Specifically, up to about 25 feet of the invented cable exhibits attenuation of less than about 5 
dB, and typically less than about 2dB, over the entire 1-100 MHZ range, that is, substantially 

15 less than the TIA-568 limit that curves from about 10 dB at 20 MHZ to about 22 dB at 100 
MHZ. Specifically, up to about 25 feet of the invented cable exhibits cross-talk preferably at 
least 10 db, and more preferably at least 10-15 dB, better than the cross-talk TIA-568 standard 
limit which curves from about 45 dB at 10 MHZ to about 35 db at lOOmHz. 

These objects of low attenuation, low cross-talk, flexibility, and durability are 

20 accomplished in the present invention by supplying a flat cable in the cord retractor, the cable 
comprising an outer insulation preferably completely surrounding a plurality of wires, and the 
cable having two generally flat sides and being relatively thin from front side to back side. The 
preferred cable has a thickness less than or equal to V£ the width of the cable, and more 
preferably less than or equal to about 1/4 the width of the cable. The invented cable has 

25 preferably two or more twisted pair of flexible and durable wire inside the flat insulation, which 
may be stranded wire or tinsel wire. Each wire of each pair is preferably covered with a very 
thin coating of low dielectric material, or, alternatively, the coatings of each wire of each pair 
may be fused together to secure the two wires together and create a more continuous "envelope" 
of low dielectric material around the pair. Preferably, there are no air spaces between the 

30 insulation and the coated twisted pairs of wire, that is, the insulation is in close contact with the 
wire coating and the coating is in close contact with the wire strands or tinsel ribbons. Each of 
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the two wires of each twisted pair has prefenred particular parameters, that, in combination with 
the preferred outer insulation of a preferred thickness and composition, allow the wire to 
repeatedly flex without damage while being capable of transmitting high speed signals 
appropriate for Cat 5 applications. These particular parameters may be acquired by using the 
5 preferred stranded wire or the preferred tinsel wire, and by using the preferred thin wire coating 
of specific materials. 

Another object of the present invention is to provide an improved retractor that 
smoothly and quietly retracts Cat 5 cables according to the invention. 


BRTRF DFSCRTPTTON OF THF PR A WTNGS 

15 Figure 1 A is a schematic perspective view of one embodiment of the invented cord 

retractor, that is a double-pull retractor shown with both of the opposing cables being extended. 

Figure IB is a schematic perspective view of another embodiment of the invented cord 
retractor, that is a single-pull retractor with its one extendable cable being extended. 

Figure 2A is a schematic perspective view of an Ethernet "hub" for conference table use 
20 including a plurality of cord retractors and cables according to the present invention. 

Figure 2B is a schematic perspective view of a conference table Ethernet hub having 8 
retractors according to the invention. 

Figure 2C is a schematic front view of a patch panel including a plurality of cord 
retractors and cables according to the present invention. 
25 Figure 3 A is a schematic top view of a portion of the cable of Figure 1 A and Bl, 

assuming the twisted wire pairs are visible through clear insulation. 

Figure 3B is a schematic top view of a portion of another embodiment of a cable with 
different lay for the two twisted pair of wires. 

Figure 4 is a cross-sectional end view of the cord of Figure 3D, viewed along the line 4- 
30 4 in Figure 3D. 
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Figure 5 A is a cross-sectional end view of another embodiment of a cable according to j 
the invention, using seven-strand wire. 

Figure 5B is a cross-sectional end view of another embodiment of a stranded-wire 
version of the invented cable wherein the wire coating of the twisted pairs is fused together. 
5 Figure 5C is a cross-sectional end view of an embodiment of the invented cable, 

pointing out various dimensions of interest. 

Figure 6 is a perspective cross-sectional end view of an alternative embodiment of a 
cable according to the invention, which comprises twisted pairs of tinsel wire, shown with the 
wire coating and insulation removed from the tinsel wire for ease of illustration. 
10 Figure 7A is a plot of test data from Category 5 testing of a stranded cable, of 0.073 inch 

thickness, according to one embodiment of the invention 

Figure 7B is a plot of cross-talk test data from Category 5 testing of a stranded cable, of 
0.05 inch thickness, according to the embodiment of Figure 5 A, with twists of the wire in the 
same direction. 

15 Figure 7C is a plot of attenuation test data from Category 5 testing of the stranded cable 

of Figure 5A. 

Figure 8 is an exploded view of one embodiment of a retractor cooperating with the 
invented cable (the spring and cable not shown). 

Figure 9 shows a perspective view of a plate of the retractor of Figure 8 on which the 
20 extendible cable is to be wound. 

Figure 10 is a side view of the plate of Figure 9, showing the cable wound around the 
ridge of the plate and the cable being extended. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the Figures, there are shown several, but not the only, embodiments of the 
invented cable and retractor with the cable. In Figure 1 A, retractor 1 0 is a double-pull retractor 
including casing 12 containing a winding mechanism, and, optionally, a ratchet mechanism for 
30 releasably and temporarily holding the extended cable 20 in place until it is desired to retract it 
again. Two lengths of cable 20 extend out from the casing 12 in two generally opposing 
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directions and each have a connector commonly called a 4fc modular plug" 14 on their distal ends 
for electronic communication between two devices, for example, two devices in an Ethernet, or 
two outlets of a patch panel. 

In Figure IB, retractor 10' is a single-pull retractor also including casing 12' with a 
5 winding mechanism, and, optionally, a ratchet mechanism. One length of cable 20 extends out 
from the casing 12' in one direction so for connection of its plug 14 to an electronic device. The 
casing 12' includes a generally stationary plug 15 or other connector for connection to another 
device, for example, to adapt the retractor 10' for use inside a computer Ethernet device or other 
LAN device. 

10 Figure 2 A illustrates one possible use of retractor 1 0' and cable 20 in a hub 1 00 on a 

conference table 102 or other multi-computer station environment. By including a plurality of 
single-pull retractors 10' in the hub 100, specifically four in this embodiment, the hub can 
accommodate a plurality of laptop computers 104 in a neat, untangled configuration. Only the 
cables in use need be pulled out, and, therefore, no cables are left tangled or trailing on the table. 

15 This hub design is optimum for training classes, group design sessions, newsdesks, and other 
stations in which a plurality of laptops or computers are to be used but space is limited or a 
more professional, organized appearance is desired. 

Figure 2B illustrates another embodiment of a hub for computer conferencing, 
specifically a hub 1 10 with 8 retractors 10' for 8 cables 20 for attachment to laptops 104 or other 

20 systems. 

Figure 2d illustrates another use of an embodiment of the invented double-pull 10 
retractor 10 and cable 20, that is, a patch panel 120 or other structure for allowing connection of 
various Ethernet or other computer wiring. Compared to the traditional jumble and loops of 
bulky Cat 5 cables in such a junction, the retractors greatly improve the neatness and case of 
25 identification of the cables. 

Construction of several embodiments of the invented cable are further illustrated in 
Figures 3-6. Experimental data of the invented cable compared to Cat 5 specifications is 
shown in Figures 7 A - C, and an example of retractor construction is shown in Figures 8-10. 

Cable 20 includes at least two twisted pair 30, each pair 30 being made of two wires 32 
30 twisted around each other in a long, tight twist, as portrayed in Figure 3 A. The preferred 

combination is two twisted pair, but some embodiments will include more pairs, for example, 
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four masted pair or more for increased speed of transmission. Preferably, twisting is in the 
same direction for all pairs, which is believed to improve cross-talk performance. The twisting 
of the various pairs is preferably in the range of a lay of 0.7 - 1.0 inches. An especially- 
preferred embodiment, shown in Figure 3B, has two twisted pair that each have a different lay, 
5 which is believed to improve cross-talk between the pair and to improve attenuation of the 

wires. A preferred configuration is to twist one of the twisted pairs to have a lay of about 0.866 
inches, as measured from A-A in Figure 3B. The other pair of a two pair embodiment 
preferably has. a 0.75 inch lay, that is, one twist in about 0.75 inches, as measured from B-B, as 
shown in Figure 3B. In any case, it is preferred to have the wires twisted around each other in a 
10 tight manner, wherein 'tight" means that preferably there is little or no space between the two 
wires of each pair as they extend around each other. 

Each wire 32 of each twisted pair 30, 30' may be stranded wire, as illustrated in Figures 
4 and 5A-C. For example, stranded wire in the range of about 26-32 wire gauge (American 
Wire Gauge- A WG), and preferably 32 gauge, is used. The core of each wire comprises a 
15 plurality of conductive strands 36 surrounded by an insulating coating 38. The preferred strands 
36 are made of solid oxygen-free copper, but strands of cadmium-copper (about 2% Cd) and 
tin-copper alloy (about 2% Sn), or with tin or silver coating, may also be used, for example. 

Figure 4 illustrates one number and geometry of strands, that is, nineteen strands 36 
arranged with a single strand in the center and two layers of strands surrounding the center 
20 strand. In this embodiment, the nineteen strands are a fine gauge, that is, about 0.003 inches or 
40 gauge, because this large number of strands of fine gauge is excellent for high speed 
transmission while preserving a high degree of flexibility of the twisted pairs 30 and the cable 
20. Once coated with the preferred coating, these nineteen strands result in a wire of 
approximately 26 AWG. Alternatively, up to about 27 strands of conductive wire are expected 
25 to be practical for twisted stranded wire embodiments, with the individual strands being of 

smaller diameter to result in the preferred 26 -32 AWG wire, that is, preferably in the range of 
about 8-14 thousands of an inch diameter. 

Alternatively, other strand arrangements are included in the invention, that is, the seven- 
strand embodiment of Figure 5A, in which the core of each wire 32' consists of seven strands 
30 36' arranged with one strand at the center surrounded by six strands. One seven-strand 

embodiment uses 26-gauge wire 32' that includes strands 36' that are each 36 gauge and made 
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of copper with tin coating. Alternatively, another high quality cable meeting Cat 5 
specifications has been made that includes 32 AWG (.008 inch nominal diameter) twisted 
wires, each being made of seven strands of oxygen-free copper coated with a Teflon coating. 

An especially-preferred embodiment is shown in Figure 5B, which is also stranded wire 
5 with a total of 7 strands. This 32 AWG wire 32" preferably includes a central strand 37 of 40 
gauge steel, surrounded by six strands 39 of 40 gauge 99.9% oxygen-free copper. Such steel- 
core stranded wire gives excellent fatigue strength and flexibility, which lead to longer life that 
all-copper stranded wire, with only about a 5/1000 ohm resistance change compared to all- 
copper stranded wire. Alternatively, more than one center strand may be made of steel, for 

10 example 3-7 center strands, with copper strands or tin- or silver-coated copper strands around 
the steel core strands. Also, as shown in Figure 5B, the coatings 38' around the wires of the 
twisted pairs optionally are fused together, to secure the wires together and prevent any 
untwisting, which results in more consistent and high quality performance, that is, consistently 
low attenuation and cross-talk. 

15 An alternative embodiment of cable 120 comprises twisted pairs of tinsel wire 132, 

rather than stranded wire. Such an embodiment, shown in Figure 6, preferably includes 30 
AWG (.0103 inch nominal diameter) copper-cadmium tinsel wire 132. A copper-cadmium 
tinsel wire may include a core 134 of strong and flexible material, such as Kevlar™, nylon or 
polyester filaments, and two conductive tinsel ribbons 136 wound around the core in the same 

20 direction. The ribbons may also be oxygen-free copper, optionally with a silver-plated coating, 
or other conductive materials. FEP coating 38 preferably surrounds each of the tinsel wires and 
fills the space between the insulation 40 and the ribbons 136. Other tinsel wire compositions 
may be used. 

In any arrangement, diameter, and number of strands, or in any design and diameter of 
25 tinsel wire, the insulating coating 38 is preferably very thin relative to that of conventional 

wires, and this thinness of insulating coating has been found to greatly enhance flexibility for 
the resultant cable 20. The preferred insulating coating 38 is less than or equal to about 0.0085 
inches thick, with a very slight tolerance, measured from the outside of the strands to the outer 
diameter of the wire. The preferred insulating coating 38 is selected from a group of Teflon™, 
30 polyvinyl chloride (PVC), FEP, or other low dielectric materials. An especially-preferred 

coating with a constant thickness in the range of 0.003 - 0.005 inches measured from the outside 
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of the strands or tinsel wire to the outer surface of the coating has been used with excellent 
results. Within this range, 0.003 inches is the most preferred thickness, and the inventor 
believes that 0.002 inches also may be advantageous in terms of high flexibility with 
appropriate insulating characteristics. 
5 The especially preferred coating material is fluorine-ethylene-propylene (FEP) coating, 

which, in a thickness of 0.003 inches, has been shown to result in a highly flexible, durable, and 
compact cable when used as a coating over both 7-stranded wire and also tinsel wire. The FEP 
coating, has been determined to provide the preferred low dielectric constant, while holding 
strands or tinsel ribbons in well in place, being easily separable from the outer insulator of the 

10 cable described below, and being UL-approved. Other fluorocarbon materials, such as 

Teflon™, may be used and are beneficial because of the ease of stripping away from the outer 
insulation. The FEP coating is believed to be especially advantageous because it efficiently 
secure the ribbons of the tinsel wire in place during repeated extensions and retractions of the 
cable in the cord retractor. 

15 Optionally, as mentioned above, each wire pair may be treated to fiise the FEP-coating 

38' of the two wires together so that FEP coating extends entirely around each wire of the each 
pair, but the two wires of each pair are secured together at a consistent distance from each other. 
Preferably, this is done only to an extent that connects the two wires together at a consistent 
distance along the length of the wires, preserving and retaining their spacing from each other. 

20 This fusing is believes to provide a more stable, durable and consistent wire pair in the cable, 

which is important for long term durability of the cable during repeated winding and unwinding 
and/or repeated flexing of the cable for other purposes. This fusing may be done by various 
methods, for example, gentle heating that slightly softens the FEP but does not disrupt the 
complete coverage of the wire by the FEP. 

25 After twisting, each twisted pair may be described as having a nominal diameter of 

approximately 0.05 inches or less. The preferred twisted pairs, of 32 gauge wires and the 30 
gauge wires, with the extremely thin coatings, may be described as having nominal diameters of 
0.04 inches and 0.028-0.032 inches, respectively. 

Around the twisted pairs is outer insulation 40, the outer surface of which forms the 

30 thin, flat flexible cable 20 of the invention. The cable may be considered generally rectangular 
in cross-section, with preferably rounded corners, and is preferably about 0.13-0.17 inches wide 
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(W) and about 0.073 inches thick (T) or less. The preferred dimensions result in a thickness 
that is-less than or equal to X A of the width, for example, about a 0.073 inch thickness compared 
to about a 0.15 inch width, or, preferably less, for example, a thickness less than or equal to 1/4 
of the width (0.04 inch thickness compared to 0. 1 6 inch width). Especially-preferred 
5 embodiments, using 32 gauge 7-stranded wire or 30 gauge tinsel wire, have a thickness of 
about 0.05 inch or, more preferably, 0.38-0.041 inch thickness. The preferred generally flat 
cable of 0.04 inch thickness may be wound into the casing with surprising ease and with 
surprisingly little "memory," even after being wound tightly to less than an inch radius, that 
might be expected to curve the cable when extending out from the casing. 
10 Insulation 40 may be a thermoplastic material specially designed for both flexibility and 

for EMF/EMI reduction between pairs 30, 30' for low cross-talk between pairs. The preferred 
insulation 40 is PeBax™ extruded closely around the twisted pairs, to form a layer around the 
pair 30, 30', with preferably no air space between the twisted pair and the insulation 40 and 
with no cavities inside the cable beside the cavities filled by the coated twisted wires. The 
15 insulation 40 insulates the pairs from the outside environment and also from each other, that 
remains flexible and durable through thousands of windings and un windings, and that inhibits 
cross-talk between the pairs. PeBax™ is available from Autochem and is a preferred 
embodiment of the general category of Block Polyamides that may be used for the insulation.. 
PeBax™ insulation features good dielectric qualities, good abrasion resistance, and is easy to 
20 extrude and strip away from the coated twisted wires. Preferably, a fire resistant/flame 

retardant material may be added to the Pebax™, for example, a strontium fire retardant, or 
Teflon materials such as Zonal ™ which, in small percentages in the insulation 40, will act as a 
fire retardant and will improve the cable coefficient of friction for even easier extending and 
retraction of the cable. Optionally, other materials may be used for the insulation 40, for 
25 example, PVC, polyester elastomers, polyolefins, preferably with fire-retardant properties or 
fire-retardant additives as necessary to adapt the invented cable for UL approval. 
Thermoplastic polyester resin, such as Rynite™ by Dupont, or a ionomer resin, such as 
Surlyn™ by Dupont, are alternatives for insulation to be extruded around the twisted pairs of 
the invention. 

30 The PeBax™ insulation may be clear, or, optionally, black or other colorant may also be 

added, and a preferred colorant is of the general category of carbon black, and is available from 
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Clairiant Reed Spectrum. Preferably the black colorant is mixed in a ratio of about 0. 1 5 wt% 
pure black colorant in PeBax™. In practice, the preferred method of mixing the colorant with 
the PeBax™ is to obtain a first extruded mixture of pure black colorant in PeBax™ (about 1 
part colorant to 25 parts PeBax™ by weight), and then further mix the extruded mixture with 
5 more PeBax™ (about 1 part of the mixture to 25 parts PeBax™ by weight) for melting and 
extrusion of the final mixture around the two twisted pairs. The black colorant is believed to 
improve the EMF performance of the cable, and preferably is present at about 0. 15 wt-%, or in a 
range of at least 0.05 wt-% up to about 0.5 wt-%. 

The preferred method of manufacturing the invented cable includes making the wires 

10 according to the specifications disclosed herein, twisting the wires in the preferred twist, and 
positioning two pair parallel to each other and spaced apart a constant distance, preferably a 
minimum of 0.05 inches apart, and preferably in the range of about 0.05 - 0.08 inches apart at 
their centers. Cables with lesser distances between the centers of the twisted pairs, for 
example, 0.02 - 0.03 inches apart at their centers, have been made and have acceptable 

1 5 performance, but not optimum performance. The preferred insulation mixture is melted and 
extruded around the twisted pairs of wire, preferably a continuous operation. To do this, the 
preferred two pair may be run through an extrusion die with the melted insulation material 
being extruded through the die completely around the spaced pair to encase the pair. After 
extrusion, the insulation is cooled. This process is conducted with veiy strict control to produce 

20 a cable with very tight tolerances in all parameters, particularly including very flat outer 
surfaces. 

The resulting cable may have dimensions preferably as follows (see reference letters in 
Figure C): 

Thickness from front side to back side (T): 
25 less than or equal to 0.073 inches, preferably about 0.04 inches 

Width from edge to edge (W): 

0.13-0.17 inches, preferably about 0.016 inches 
Distance between twisted pairs in cable, measured from center to center: 
0.05 - 0.08 inches, preferably 0.05 inches 
30 Distance between inner surfaces of twisted pair (C): 
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about 0.0275 - 0.06 inches (preferably about 0.0275 inches), depending on 
distance between twisted pairs at centers and the relative twist positions of the two 
pairs 

Distance from twisted pair to surface of cable: 

A: about 0.004 - 0.005 inches 

A': about 0.012 inches 
Distance from twisted pair to edge of cable: 

B: about 0.025 - 0.04 inches 

B': about 0.032 - 0.048 inches 
As suggested by Figure 5C and the above examples of dimensions, the various dimensions, that is 
amounts of insulation 40 beside, above, below, and between the twisted pairs and the outer 
surfaces of the cable depend on the outer dimensions of the cable, the gauge of the wire, the 
placement of the wires inside the cable, and the position at which you measure along the length of 
the twisted wires (twist position). After manufacture, the resulting cable is checked for quality, 
including tests for undesirable bubbles in the insulation and check for electrical continuity. 

Cables made by these methods were tested to prove that the appropriate attenuation, 
impedance, and cross-talk performance was achieved with the surprisingly flexible and compact 
cable. Specifications for Cat 5 applications were targeted, as required by TLA specification 568. 
The test results are shown in Figures 7A-C, in which megahertz is the X axis, and decibels is the 
Y axis, shown by convention without any negative sign on the y axis. A cable made according to 
one embodiment of the invention ( 0.073 inch thickness, 26 gauge stranded wire, 7 strand, 0.0085 
inch thick Teflon coating around each wire of the two twisted pair, PeBax™ insulation extruded 
around the twisted pair) was tested by using wire scopes to measure attenuation (loss of signal 
over the length of the cable) and "local next" and "remote next" EMF (local cross-talk between 
pairs at the originating end of the cable and remote cross-talk between pairs at the far end of the 
cable). This data is plotted in Figure 7 A, along with the specifications for Cat 5 use which are 
labeled as "limits." From the data, one may see that attenuation is well below the maximum 
specification, substantially at < 2 dB signal loss. Local Next (labeled as "local cross-talk") and 
Remote Next (labeled as "remote cross-talk") are significantly better than the limits, that is, at 
least 10-15 greater dB "below" the specification (limits) for Cat 5 applications. In addition, the 
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resistance of the cable made according to the present invention has been measured at about 61 
milliohms per foot, which is well within the appropriate range. 

Another embodiment of the invented cable (0.05 inch thickness, 32 AWG oxygen-free 
copper stranded wire, 0.005 inch thick Teflon coating around each wire of the two twisted pair; in 
5 PeBax™ insulation extruded around the twisted pair) was tested, and gave the resulting 

performance as shown in Figure 7B and 7C. As may be seen by the data in Figure 7B and 7C, a 
7 foot length of the thin, compact and flat cable according to the invention meets and greatly 
exceeds Cat 5 specifications. An especially-preferred cable, that is, a cable 0.04 inches thick, with 
30 gauge tinsel wire surrounded with fused FEP-coated with 0.003 inches thick, and with outer 

10 flat insulation of extruded PeBax™ is expected to be so excellent that it is appropriate, or close to 
being appropriate, for Category 6 applications. 

Cable according to the invention was installed in a cable retractor such as is described in 
the prior patents of the owner of this invention. At least 3 feet of the invented cable fit inside a 
retractor of approximately 2 inches in diameter. The cable was tested in a repeated 

15 extension/retraction test and underwent thousands of extensions and retractions without failure of 
the cable, that is, without any breakage of the wires, strands, or insulator. 

A more preferred retractor that efficiently retracts longer cables may be made by slightly 
increasing the diameter of the retractor to about 2.5 - 3 inches and by including a slightly 
stronger spring and, optionally, a stronger ratchet mechanism. Such a retractor for cooperation 

20 with the invented cable is illustrated by the retractor in Figures 8-10, and is effective for lengths 
of the invented Cat 5 cable of up to about 25 feet. This retractor is preferably 2.85 inches in 
diameter, is of heavy duty construction and features a heavier spring than conventional cable 
retractors. As illustrated in the exploded view of Figure 8, the casing of the retractor 200 
includes a first half 201 and a second half 202, a rachet mechanism 204 for optionally locking 

25 the cord in a particular extended position, a plate 206 with an aperture 208 through which cable 
extends continuously, and a space for the spring 209, a space 210 between the rachet mechanism 
and the plate 206 for the "stationary" portion of the cable (winds and unwinds inside the space 
210 as the extendible cable is extended and retracted, but does not pull out from the retractor), 
and a space 212 between the first casing and the plate 206 for receiving the extendible portion of 

30 the cable. Figure 9 illustrates a surface of the plate 206, which is the underside of the plate as 
portrayed in Figure 8. This plate includes the axle 207, aperture 208 through which the cable 
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passes, and a generally circular ridge 220 which includes a passage 222 through the ridge for 
allowing the cable to pass to the outside of the ridge to wind around the outer surface 224 of the 
ridge in a plurality of windings. As illustrated in Figure 1 0, the cable passes through the aperture 
208, through the passage 222, and around the ridge 220 to form the windings 230. When the 
5 cable is "fully extended," that is, preferably to the extent of the spring's motion, there would be 
still be one or more windings around the ridge to prevent tension on the cable at the point the 
cable passes through the aperture 208. The cable extends out from the windings generally 
radially outward from the outer surface 224 of the ridge to exit the casing at port 226. 

The inventor envisions that embodiment of the invented cable will be used with RG45 
10 connectors having 8 contacts for either two or four twisted pairs for special applications such as 
ISDN applications. 

Therefore, the invented cable and the resultant retractor are surprisingly effective in terms 
of convenience, performance, and durability. The combined effect of the several parameters of 
the invented cable result in a surprisingly flexible cable that performs well in high speed data 

15 applications. These parameters include the thinness of gauge of the stranded wire, or the thinness 
of gauge of the tinsel wire, composition of the wire, the extremely thin and strippable insulation 
around each wire, and a flexible, cross-talk-resistant, and very uniform outer encasement of 
insulation around both pair of twisted wire. While thinness of wire, coating, and insulation is 
generally desirable for forming a compact cable, the thinness needed for a cable in a retractor 

20 would be expected to result in low quality performance in a typical Cat 5 application. Contrary 
to this expectation, the inventor has surprisingly attained excellent performance with his 
combination of materials, dimensions, and arrangements. 

Although this invention has been described above with reference to particular means, 
materials and embodiments, it is to be understood that the invention is not limited to these 

25 disclosed particulars, but extends instead to all equivalents within the broad scope of the 
invention. 


30 
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Claims 

I claim: 

5 

1 . A retractor system for Category 5 computer cable comprising: 

a retractor comprising a housing with an interior space, at least one cable port and a 
spring-biased winding mechanism, 
10 a flat electronic transmission cable of 7 - 25 feet in length wound inside the interior space 

and having an end exiting the cable port, the cable exhibiting attenuation of less than about 5 dB 
over the range of 1-100 MHZ range and exhibiting cross-talk at least 10 dB better than the cross- 
talk TIA-568 standard limit in the'range of 1- lOOmHz.; 

wherein the cable has a thickness, a width, and a length, the thickness being less than 
15 about Vi the width of the cable; and 

wherein the cable is extendible out from the retractor when the end is pulled out from the 
housing; and wherein the cable is retractable into the housing by the spring-biased mechanism. 

20 2. The retractor system as in Claim 1, wherein the cable thickness is less than about 1/4 the 
width of the cable. 

3. The retractor system as in Claim 2, wherein the retractor housing has an outer diameter 
25 of less than about 3 inches. 


30 
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4. A flat electronic transmission cable meeting Category 5 specifications comprising: 
a plurality of twisted pairs of two stranded wires, each wire comprising a plurality of 

conductive strands, and each wire being 26-32 American Wire Gauge; 

a coating of low dielectric material around each wire of the twisted pairs, the coating 
5 being between 0.002 - .0085 inches thick; and 

insulation surrounding the plurality of twisted pairs; 

wherein the plurality of twisted pairs are parallel and spaced apart from each other in the 

insulation; and 

wherein the cable has a thickness, a width, and a length, the thickness being less than 
10 about Vi the width of the cable. 


5. The cable of Claim 4, where the coating is 0.002-0.003 inches thick, and the cable 
thickness is less than about 1/4 the width of the cable. 

15 

6. The cable of Claim 4, wherein the coating is fluorine-ethylene-propylene. 


20 7. The cable of Claim 4, wherein the conductive strands are oxygen-free copper. 


8. The cable of Claim 4, wherein the conductive strands are cadmium-copper. 


25 


30 


9. The cable of Claim 4, wherein the conductive strands are tin-copper. 
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The cable of Claim 4, wherein the insulation is selected from the group consisting of: 
PVC, polyester-elastomers, polyolefins, thermoplastic polyester resin, and ionomer resin 

The cable of Claim 4, wherein each of the stranded wires comprises a central core strand 
and a plurality of strands surrounding the core, wherein the central core strand is steel. 

The cable of Claim 4, wherein each wire comprises 19 conductive strands, each strand 
being about 40 American Wire Gauge. 

A flat electronic transmission cable meeting Category 5 specifications comprising: 
a plurality of twisted pairs of two tinsel wires, each wire comprising a core and a 
plurality of conductive tinsel ribbons wrapped around the core, each tinsel wire being in the 
range of 26-32 American Wire Gauge; 
20 a coating of low dielectric material around each wire of the twisted pairs, the coating 

being between 0.002 - .0085 inches thick; and 

insulation surrounding the plurality of twisted pairs; 
wherein the plurality of twisted pairs are parallel and spaced apart from each other in the 
insulation; and 

25 wherein the cable has a thickness, a width, and a length, the thickness being less than 

about l A the width of the cable. 

15. The cable of Claim 14, where the coating is 0.002-0.003 inches thick, and the cable 
30 thickness is less than about 1/4 the width of the cable. 
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16. The cable of Claim 14, wherein the coating is fluorine-ethylene-propylene. 


1 7. The cable of Claim 14, wherein the conductive ribbons are cadmium-copper. 

1 8. The cable of Claim 1 4, wherein the insulation is a block-polyamide. 

19. The cable of Claim 14, wherein the insulation is selected from the group consisting of: 
PVC, polyester-elastomers, polyolefins, thermoplastic polyester resin, and ionomer resin. 

20. A retractor system for unwinding and retracting cable meeting Category 5 specifications, 
the retractor system comprising: 

a retractor comprising a housing with an interior space, at least one cable port and a 
spring-biased winding mechanism, 

a flat electronic transmission cable wound inside the interior space and having an end 
exiting the cable port, the cable meeting Category 5 specifications, the cable further comprising: 

a plurality of twisted pairs of two stranded wires, each wire comprising a plurality of 
conductive strands, and each wire being 26-32 American Wire Gauge; 

a coating of low dielectric material around each wire of the twisted pairs, the coating 
being between 0.002 - .0085 inches thick; and 

insulation surrounding the plurality of twisted pairs; 

wherein the plurality of twisted pairs are parallel and spaced apart from each other in the 
insulation; and 

wherein the cable has a thickness, a width, and a length, the thickness being less than 
about Yz the width of the cable; and 

wherein the cable is extendible out from the retractor when the end is pulled out from the 
housing; and wherein the cable is retractable into the housing by the spring-biased mechanism. 
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2 1 . The retractor system as in Claim 1 9, wherein the cable is less than or equal to 25 feet 
long and the retractor is less than or equal to 3 inches in diameter. 


5 22. The retractor system of Claim 1 9, where the coating is 0.002-0.003 inches thick, and the 
cable thickness is less than about 1/4 the width of the cable, and the retractor is less than 
or equal to 3 inches in diameter. 


10 23. The retractor system of Claim 20, wherein the coating is fluorine-ethylene-propylene. 

24. The retractor system of Claim 20, wherein the conductive strands are oxygen-free 
copper. 

15 

25. The retractor system of Claim 20, wherein the conductive strands are cadmium-copper. 
20 26. The retractor system of Claim 20, wherein the conductive strands are tin-copper. 

27. The retractor system of Claim 20, wherein the insulation is block-polyamide. 


25 


30 


28. The retractor system of Claim 20, wherein the insulation is selected from the group 

consisting of: PVC, polyester-elastomers, polyolefins, thermoplastic polyester resin, and 
ionomer resin. 
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29. The retractor system of Claim 20, wherein each of the stranded wires comprises a central 
core strand and a plurality of strands surrounding the core, wherein the central core strand 
is steel. 


30. The retractor system of Claim 20, wherein each wire comprises 1 9 conductive strands, 
each strand being about 40 American Wire Gauge. 


10 31. The retractor system of Claim 20, wherein the housing further comprises a second cable 
port, the cable further has another end extending the second cable port, and the cable 
is extendible out from the cable port and second cable port when the ends are pulled out from the 
housing; and wherein the cable is retractable into the housing through the cable port and second 
cable port by the spring-biased mechanism. 
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32. A retractor system for unwinding and retracting cable meeting Category 5 specifications; 
the retractor system comprising: 

a retractor comprising a housing with an interior space, at least one cable port and a 
spring-biased winding mechanism, 

a flat electronic transmission cable wound inside the interior space and having an end 
exiting the cable port, the cable meeting Category 5 specifications, the cable further comprising: 

a plurality of twisted pairs of two tinsel wires, each wire comprising a core and a 
plurality of conductive tinsel ribbons wrapped around the core, each tinsel wire being in the 
range of 26-32 American Wire Gauge; 

a coating of low dielectric material around each wire of the twisted pairs, the coating 
being between 0.002 - .0085 inches thick; and 

insulation surrounding the plurality of twisted pairs; 

wherein the plurality of twisted pairs are parallel and spaced apart from each other in the 
insulation; and 

wherein the cable has a thickness, a width, and a length, the thickness being less than 
about Vi the width of the cable 

wherein the cable is extendible out from the retractor when the end is pulled out from the 
housing; and wherein the cable is retractable into the housing by the spring-biased mechanism. 

33. The retractor system as in Claim 32, wherein the cable is less than or equal to 25 feet 
long and the retractor is less than or equal to 3 inches in diameter. 

34. The retractor system of Claim 32, where the coating is 0.002-0.003 inches thick, and the 
cable thickness is less than about 1/4 the width of the cable, and the retractor is less than 
or equal to 3 inches in diameter. 

35. The retractor system of Claim 32, wherein the coating is fluorine-ethylene-propylene. 
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The retractor system of Claim 32, wherein the conductive ribbons are cadmium-copper. 


37. The retractor system of Claim 32, wherein the insulation is block-polyamide. 

38. The retractor system of Claim 32, wherein the insulation is selected from the group 
consisting of: PVC, polyester-elastomers, polyolefins, thermoplastic polyester resin, and 
ionomer resin. 

39. The retractor system of Claim 32, wherein the housing further comprises a second cable 
port, the cable further has another end extending the second cable port, and the cable 

is extendible out from the cable port and second cable port when the ends are pulled out from the 
housing; and wherein the cable is retractable into the housing through the cable port and second 
cable port by the spring-biased mechanism. 
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